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Orqgrq Vfkrro ri Hfrqrplfv
Vhswhpehu 45/ 5334
Devwudfw
Zh lqyhvwljdwh wkh shuirupdqfh ri d fodvv ri vhplsdudphwulf hvwlpdwruv ri wkh wuhdwphqw
h>hfw yld dv|pswrwlf h{sdqvlrqv1 Zh ghulyh dssur{lpdwlrqv wr wkh ?uvw wzr prphqwv ri wkh
hvwlpdwru wkdw duh ydolg wr cvhfrqg rughu*1 Zh xvh wkhvh dssur{lpdwlrqv wr gh?qh d phwkrg ri
edqgzlgwk vhohfwlrq1 Zh dovr sursrvh d ghjuhhv ri iuhhgrp olnh eldv fruuhfwlrq wkdw lpsuryhv
wkh vhfrqg rughu surshuwlhv ri wkh hvwlpdwru exw zlwkrxw uhtxlulqj hvwlpdwlrq ri kljkhu rughu
ghulydwlyhv ri wkh xqnqrzq surshqvlw| vfruh1 Zh surylgh vrph qxphulfdo fdoleudwlrqv ri wkh
uhvxowv1
Mrxuqdo ri Hfrqrplf Olwhudwxuh Fodvvl?fdwlrq=F 4 7
Nh|zrugv dqg skudvhv= Edqgzlgwk Vhohfwlrq> Nhuqho Hvwlpdwlrq> Surjudp Hydoxdwlrq> Vhplsdud0
phwulf Hvwlpdwlrq> Wuhdwphqw H>hfw1
4 Lqwurgxfwlrq
Lq d vhulhv ri fodvvlf sdshuv Wrp ^Urwkhqehuj +4<;7def/4<;;,‘ lqwurgxfhg Hgjhzruwk h{sdqvlrqv wr
d eurdg dxglhqfh1 Klv wuhdwphqw ri wkh jhqhudol}hg ohdvw vtxduhv hvwlpdwru +4<;7e, lq sduwlfxodu
œZh zrxog olnh wr wkdqn Wrp Urwkhqehuj dqg vhplqdu sduwlflsdqwv iru khosixo frpphqwv dqg Gdylg Mdfkr0Fkdyh}
iru uhvhdufk dvvlvwdqfh1 Zh duh judwhixo wr wkh Qdwlrqdo Vflhqfh Irxqgdwlrq dqg wkh Hfrqrplf dqg Vrfldo Vflhqfh
Uhvhdufk Frxqflo iru ?qdqfldo vxssruw1
|Ghsduwphqw ri Hfrqrplfv/ Orqgrq Vfkrro ri Hfrqrplfv/ Krxjkwrq Vwuhhw/ Orqgrq ZF5D 5DH/ Xqlwhg Nlqjgrp1
Who1 353: <880:;97> Id{1 353: ;6484;73> H0pdlo dgguhvv= olqwrqrCovh1df1xn
4zdv lpphqvho| lpsruwdqw ehfdxvh lw ghdow zlwk dq hvwlpdwru ri fhqwudo lpsruwdqw dqg wkh dqdo|vlv
zdv erwk ghhs dqg suhflvh/ exw frpsuhkhqvleoh1 Wklv lv lq frqwudvw zlwk vrph ri wkh pruh iuhq}lhg
sxeolfdwlrqv derxw Hgjhzruwk h{sdqvlrqv wkdw kdg klwkhuwr dsshduhg lq hfrqrphwulfv mrxuqdov1 Wkh
xvh ri Edvx*v wkhruhp lq wkdw sdshu wr hvwdeolvk wkh lqghshqghqfh ri wkh fruuhfwlrq whupv iurp wkh
ohdglqj whup lv d zhoo0nqrzq h{dpsoh ri klv hohjdqw zrun1 Wkh uhylhz sdshu +4<;7d, zdv dovr yhu|
lq xhqwldo dqg kljko| flwhg1
Lw lv rxu sxusrvh khuh wr suhvhqw dv|pswrwlf h{sdqvlrqv iru d fodvv ri vhplsdudphwulf hvwlpdwruv
xvhg lq wkh wuhdwphqw h>hfwv olwhudwxuh1 Zh kdyh dujxhg hovhzkhuh/ Olqwrq +4<<4/4<<8, dqg Khfnpdq/
Lfklpxud/ Vplwk dqg Wrgg +4<<;,/ wkdw wkh ?uvw0rughu dv|pswrwlfv ri vhplsdudphwulf surfhgxuhv fdq
eh plvohdglqj dqg xqkhosixo1 Wkh olplwlqj yduldqfh pdwul{ ri wkh vhplsdudphwulf surfhgxuh P grhv
qrw ghshqg rq wkh vshfl?f ghwdlov ri krz wkh qrqsdudphwulf ixqfwlrq hvwlpdwru e } lv frqvwuxfwhg/
dqg wkxv vkhgv qr oljkw rq krz wr lpsohphqw wklv lpsruwdqw sduw ri wkh surfhgxuh1 Vshfl?fdoo|/
edqgzlgwk fkrlfh fdqqrw eh dgguhvvhg e| xvlqj wkh ?uvw0rughu wkhru| dorqh1 Dovr/ wkh uhodwlyh phulwv
ri dowhuqdwlyh ?uvw0rughu htxlydohqw lpsohphqwdwlrqv/ h1j1/ rqh0vwhs surfhgxuhv/ fdqqrw eh ghwhuplqhg
e| wkh ?uvw0rughu wkhru| dorqh1 Ilqdoo|/ wr vkrz zkhq errwvwuds phwkrgv fdq surylgh dv|pswrwlf
uh?qhphqwv iru dv|pswrwlfdoo| slyrwdo vwdwlvwlfv uhtxluhv vrph nqrzohgjh ri kljkhu0rughu surshuwlhv
￿ vhh Krurzlw} +4<<8,1 Wklv prwlydwhv wkh vwxg| ri kljkhu0rughu h{sdqvlrqv1 Fduuroo ) K￿ugoh
+4<;<, zdv wr rxu nqrzohgjh wkh ?uvw sxeolvkhg sdshu wkdw ghyhorshg vhfrqg0rughu phdq vtxduhg
huuru h{sdqvlrqv iru d vhplsdudphwulf/ l1h1/ vprrwklqj0edvhg exw urrw0q frqvlvwhqw/ surfhgxuh/ lq wkh
frqwh{w ri d khwhurvnhgdvwlf olqhdu uhjuhvvlrq1 K￿ugoh/ Kduw/ Pduurq/ ) Wv|ednry +4<<5, ghyhorshg
h{sdqvlrqv iru vfdodu dyhudjh ghulydwlyhv zklfk zdv h{whqghg wr wkh pxowlyduldwh fdvh/ dfwxdoo| rqo|
wkh vlpsohu vlwxdwlrq ri ghqvlw|0zhljkwhg dyhudjh ghulydwlyhv/ e| K￿ugoh ) Wv|ednry +4<<6,> wkhvh
sdshuv xvhg wkh h{sdqvlrqv wr ghyhors dxwrpdwlf edqgzlgwk vhohfwlrq urxwlqhv1 Wklv zrun zdv
h{whqghg wr wkh voljkwo| pruh jhqhudo fdvh ri ghqvlw|0zhljkwhg dyhudjhv e| Srzhoo ) Vwrnhu +4<<9,1
Lq wkh vhfrqg dxwkru*v SkG wkhvlv^Olqwrq +4<<4,‘/ zulwwhq xqghu Wrp*v vxshuylvlrq/ L ghyhorshg
h{sdqvlrqv iru d ydulhw| ri vhplsdudphwulf uhjuhvvlrq prghov lqfoxglqj wkh sduwldoo| olqhdu prgho dqg
wkh khwhurvnhgdvwlf olqhdu uhjuhvvlrq prgho> vrph ri wklv zrun zdv odwhu sxeolvkhg lq Olqwrq +4<<8/
4<<9d,1 Wkh Olqwrq +4<<8, sdshu dovr surylghg vrph uhvxowv rq wkh rswlpdolw| ri wkh edqgzlgwk
vhohfwlrq surfhgxuhv sursrvhg wkhuhlq1 [ldr ) Skloolsv +4<<9, zrunhg rxw wkh vdph dssur{lpdwlrqv
iru d wlph vhulhv uhjuhvvlrq prgho zlwk vhuldo fruuhodwlrq ri xqnqrzq irup> [ldr ) Olqwrq +5334,
jlyh wkh dqdo|vlv iru Elfnho*v +4<;5, dgdswlyh hvwlpdwru lq wkh olqhdu uhjuhvvlrq prgho> Olqwrq ) [ldr
+4<<:, zrunv rxw wkh dssur{lpdwlrqv iru wkh qrqolqhdu ohdvw vtxduhv dqg sur?oh olnholkrrg hvwlpdwruv
lq d vhplsdudphwulf elqdu| fkrlfh prgho1 Qlvkl|dpd ) Urelqvrq +5333, suryhg wkh ydolglw| ri dq
Hgjhzruwk dssur{lpdwlrq wr wkh glvwulexwlrq ri wkh ghqvlw| zhljkwhg dyhudjh ghulydwlyh hvwlpdwru1
Olqwrq +4<<:, ghulyhg dq Hgjhzruwk dssur{lpdwlrq wr wkh glvwulexwlrq ri wkh vwdqgdugl}hg hvwlpdwru
5dqg d Zdog vwdwlvwlf lq d vhplsdudphwulf lqvwuxphqwdo yduldeohv prgho1
Lq wklv sdshu/ zh ghyhors dv|pswrwlf h{sdqvlrqv iru dq hvwlpdwru ri wkh wuhdwphqw h>hfw uhfhqwo|
sursrvhg lq Kludqr/ Lpehqv/ ) Ulgghu +5333,/ khqfhiruwk KLU1 Surshqvlw| Vfruh pdwfklqj lv d
qrqh{shulphqwdo phwkrg iru hvwlpdwlqj wkh dyhudjh h>hfw ri vrfldo surjudpv14 Wkh phwkrg frpsduhv
dyhudjh rxwfrphv ri sduwlflsdqwv dqg qrqsduwlflsdqwv frqglwlrqlqj rq wkh surshqvlw| vfruh ydoxh1
Zkhq dyhudjhg ryhu wkh surshqvlw| vfruh/ wkh dyhudjh phdvxuhv wkh dyhudjh lpsdfw ri d surjudp
li wkh frqglwlrqlqj rq wkh revhuydeoh yduldeohv pdnhv wkh fkrlfh ri wkh surjudp frqglwlrqdoo| phdq
lqghshqghqw iurp wkh srwhqwldo rxwfrphv1 Wklv phwkrgrorj| kdv uhfhlyhg pxfk dwwhqwlrq uhfhqwo|
lq hfrqrphwulfv1 Zkloh wkh phwkrg xvhg riwhq lq sudfwlfh xvhv wkh qhduhvw pdwfk lq hlwkhu uhjuhvvruv
ru hvwlpdwhg surshqvlw| vfruh wr frpsduh wkh wuhdwphqw dqg wkh frpsdulvrq jurxsv/ wkh dv|pswrwlf
glvwulexwlrq wkhru| iru wkhvh phwkrgv kdyh qrw ehhq ghyhorshg1 Wkh dv|pswrwlf glvwulexwlrq wkhru|
kdv ehhq ghyhorshg e| Khfnpdq/ Lfklpxud ) Wrgg +4<<;, iru wkh nhuqho edvhg pdwfklqj phwkrg1
KLU frqvlghuv uhzhljkwlqj hvwlpdwru wkdw hvwlpdwhv wkh wuhdwphqw h>hfw dv zhoo1 Erwk phwkrgv
uhtxluh fkrrvlqj vprrwklqj sdudphwhuv exw rswlpdo phwkrgv wr fkrrvlqj wkh vprrwklqj sdudphwhu
kdyh qrw ehhq glvfxvvhg1 Lq wklv sdshu zh frqvlghu rswlpdo edqgzlgwk vhohfwlrq iru wkh uhzhljkwlqj
hvwlpdwru1
5 Wkh Prgho dqg Hvwlpdwru
Z hl q y h v w l j d w hdf o d v vr ih v w l p d w r u vi r uw k hw u h d w p h q wh >hfw/ vwxglhg e| KLU1 Ohw +￿￿ dqg +f￿ ghqrwh
srwhqwldo rxwfrph iru hdfk lqglylgxdo ￿ zlwk dqg zlwkrxw cwkh wuhdwphqw*1 Iru hdfk lqglylgxdo zh
revhuyh ~￿ ’E +￿c| ￿cf ￿￿/z k h u h








zkloh f￿ lv d yhfwru ri fryduldwhv ru suh0wuhdwphqw yduldeohv1 Dfwxdoo|/ iru frqyhqlhqfh zh zloo wdnh f
wr eh d vfdodu dqg wr kdyh d frqwlqxrxv ghqvlw| s erxqghg dzd| iurp }hur rq lwv frpsdfw vxssruw1 Zh
zloo dovr dvvxph wkdw +￿ srvvhvvhv pdq| ?qlwh prphqwv1 Zh duh lqwhuhvwhg lq wkh dyhudjh wuhdwphqw
h>hfw sdudphwhu
￿f ’ .E+￿￿￿ ￿ .E+f￿￿Ø
Zh vkdoo dvvxph wkh iroorzlqj lghqwli|lqj frqglwlrqv=
.d+￿mf￿c| ￿ ’￿ o ’ .d+￿mf￿c| ￿ ’f o
4Vhh Frfkudq +4<9;,/ Urvhqedxp ) Uxelq +4<;6,/ dqg Khfnpdq/ Lfklpxud/ ) Wrgg +4<<;,1
6.d+fmf￿c| ￿ ’￿ o ’ .d+fmf￿c| ￿ ’f o
f ￿R Ef￿￿ ￿ ￿
zlwk suredelolw| rqh lq f￿c zkhuh
RE%￿’Ł h d |￿ ’￿ mf￿ ’ %o’.E|￿mf￿ ’ %￿
lv wkh surshqvlw| vfruh1 Wkh ?uvw wzr dvvxpswlrqv duh wkdw wuhdwphqw dqg srwhqwldo rxwfrph duh
phdq lqghshqghqw jlyhq fryduldwhv> wkh ?qdo dvvxpswlrq lv wkdw wkhuh duh dw ohdvw vrph xqrevhuyhg
lq xhqfhv rq wkh suredelolw| ri uhfhlylqj wkh wuhdwphqw1 Vhh Urvhqedxp dqg Uxelq +4<;6, dqg
Khfnpdq hw do1 +4<<;,1 Fohduo| xqghu wkhvh dvvxpswlrqv .d+￿￿mf￿c| ￿ ’￿ o’.d+￿￿mf￿ ’ %o’6￿ Ef￿￿
dqg .d+f￿mf￿c| ￿ ’f o’.d+f￿mf￿ ’ %o’6f Ef￿￿1 Ixuwkhupruh/ wkh iroorzlqj revhuydeoh uhjuhvvlrqv
duh uhodwhg wr wkh xqrevhuydeoh uhjuhvvlrqv=
}￿E%￿ ￿ .d+￿ ￿ |￿mf￿ ’ %o’6￿E%￿ ￿ RE%￿c dqg
}fE%￿ ￿ .d+￿ ￿ E￿ ￿ |￿￿mf￿ ’ %o’6fE%￿ ￿ E￿ ￿ RE%￿￿Ø
Lw qrz iroorzv wkdw wkh dyhudjh wuhdwphqw h>hfw sdudphwhu ￿f vdwlv?hv
































zkhuh wkh odvw olqh iroorzv iurp wkh odz ri lwhudwhg h{shfwdwlrqv1 Wkh odvw olqh lv wkh uhodwlrq wkdw










+￿ ￿ E￿ ￿ |￿￿
￿ ￿ e REf￿￿
&
c
zkhuh e REf￿￿ zdv d qrqsdudphwulf hvwlpdwh ri REf￿￿c lq idfw wkh| fkrvh vhulhv hvwlpdwhv1
Zh doorz d voljkwo| juhdwhu ghjuhh ri jhqhudolw|> lq sduwlfxodu/ zh frqvlghu wkh hvwlpdwru e ￿ ri ￿f













+￿ ￿ E￿ ￿ |￿￿







zkhuh ￿￿￿ duh vprrwklqj zhljkwv wkdw rqo| ghshqg rq wkh fryduldwhv f￿cØØØcf ?Ø Dv zh phqwlrqhg
hduolhu/ KLU xvhg vhulhv hvwlpdwhv1 Wkh eldv fruuhfwlrq phwkrg zh sursrvh ehorz fdq dovr eh dssolhg
wr vhulhv hvwlpdwhv dqg lqghhg wr dq| olqhdu vprrwkhu/ exw glvfxvvlrq ri vprrwklqj eldv whupv uhtxluhv
wkdw zh xvh nhuqho ru orfdo sro|qrpldo hvwlpdwruv1 Zh zloo dovr dgrsw wkh ohdyh0rqh0rxw sdudgljp wkdw
lv xvhg lq pdq| vhplsdudphwulf hvwlpdwhv1 Wr eh vshfl?fz ho h ww k hs d u d p h w h uy h f w r uEe kfEf￿￿c e k￿Ef￿￿￿







i|￿ ￿ kf n k￿Ef￿ ￿ f￿￿j
2c +6,
zlwk uhvshfw wr Ekfck ￿￿c zkhuh g lv d gl>huhqwldeoh suredelolw| ghqvlw| ixqfwlrq v|pphwulf derxw }hur
zlwk vxssruw d￿￿c￿oc zkloh ß ’ ßE?￿ lv d srvlwlyh edqgzlgwk vhtxhqfh1 Wkhq ohw e REf￿￿’e kfEf￿￿ dqg
ohw ￿￿￿ eh wkh fruuhvsrqglqj vprrwklqj zhljkwv1 Zh kdyh wdnhq wkh ?{hg edqgzlgwk ohdyh0rqh0rxw
orfdo olqhdu nhuqho vprrwkhu dv rxu hvwlpdwru ri wkh uhjuhvvlrq ixqfwlrq1 Wklv hvwlpdwru lv suhihudeoh
wr wkh orfdo frqvwdqw nhuqho hvwlpdwru ehfdxvh ri lwv vxshulru eldv surshuwlhv erwk dw lqwhulru dqg
erxqgdu| uhjlrqv/ vhh Idq dqg Jlmehov +4<<9,1
6P d l q U h v x o w v
Gh?qh wkh vwdqgdugl}hg hvwlpdwru A ’
s







4￿ n JRE￿￿ ’ Af n JRE￿￿c +7,










Khuh/ wkh ghulydwlyhv ri [ zlwk uhvshfw wr R duh ghqrwhg e| [Rc[RR hwf1 Wkhuhiruh/ A lv dv|pswrwlfdoo|






Lq idfw/ wkh| uhzurwh wkh dv|pswrwlf yduldqfh lq wkh pruh lqwhusuhwdeoh irup











8Wkh| dovr hvwdeolvkhg wkdw wklv hvwlpdwru lv vhplsdudphwulfdoo| h!flhqw/ l1h1/ lw kdv wkh vpdoohvw
dv|pswrwlf yduldqfh dprqjvw wkh fodvv ri doo ihdvleoh hvwlpdwruv1
Zh duh lqwhuhvwhg lq wkh kljkhu rughu surshuwlhv ri wkhlu hvwlpdwru1 Zh ghulyh d vwrfkdvwlf h{0
sdqvlrq iru A e| Wd|oru h{sdqglqj [E~￿c￿ce REf￿￿￿ durxqg [E~￿c￿cREf￿￿￿c wkhuhe| rewdlqlqj wkh
uhsuhvhqwdwlrq
A ’ Af n A￿ n - ’ A
W n -c +9,
zkhuh wkh ohdglqj whup Af lv dv gh?q h gl q+ 7 , /A￿ frqwdlqv wkh cvhfrqg rughu* whupv/ zkloh - lv d
uhpdlqghu whup wkdw lv ri vpdoohu rughu lq suredelolw|1 Wr eh vshfl?f/ zh vkrz wkdw - ’ JRE?3k￿ lq
suredelolw| iru vrph k:f wkdw lv ghwhuplqhg e| wkh rughu ri pdjqlwxgh ri wkh edqgzlgwk dqg ri
frxuvh e| krz pdq| whupv lq wkh Wd|oru h{sdqvlrq zh uhwdlq1 Wkh pdjqlwxgh JRE?3k￿ lv ghwhuplqhg
wr hqvxuh wkdw rxu uhvxowv lq Wkhruhpv 4 dqg 5 ehorz duh vhqvleoh1 Wkh udqgrp yduldeoh A W kdv ?qlwh
prphqwv wr ydulrxv rughuv dqg lqghhg lw lv d olqhdu frpelqdwlrq ri fhuwdlq X0vwdwlvwlfv1 Zh vkdoo
fdofxodwh wkh prphqwv ri A W dqg lqwhusuhw wkhp dv li wkh| zhuh wkh prphqwv ri AØ Wklv phwkrgrorj|
kdv d orqj wudglwlrq ri dssolfdwlrq lq hfrqrphwulfv iroorzlqj Qdjdu +4<8<,15 Wkh wzr odujhvw ^lq






Wkhuh duh dovr phdq }hur udqgrp yduldeohv ri rughu ß2 dqg rughu ?3￿*2ß3￿*2Ø Krzhyhu/ dffruglqj wr
wkh fulwhulrq ri phdq vtxduhg huuru/ wkhvh vwrfkdvwlf whupv duh grplqdwhg e| wkh eldv whupv/ dqg
wkh rswlpdo wklqj wr gr lv wr plqlpl}h wkh vl}h ri +:, e| fkrrvlqj ß dssursuldwho|1 Wkh rswlpdo
edqgzlgwk lv wkhuhiruh ri rughu ß ￿ ?3￿*￿c lq zklfk fdvh erwk whupv lq +:, duh wkh vdph pdjqlwxgh/
dqg lqghhg duh erwk ri rughu ?3￿*SØ Wkxv/ wkh vhfrqg rughu whupv duh yhu| odujh dqg duh prvwo| eldv
uhodwhg1 Wklv vxjjhvwv wkdw wkh xvxdo dv|pswrwlf dssur{lpdwlrq pd| qrw eh yhu| zhoo orfdwhg1 Zh
vkdoo qh{w dvvxph wkdw d edqgzlgwk ri wkh rswlpdo rughu ß ￿ ?3￿*￿ kdv ehhq fkrvhq vr dv wr vlpsoli|










5Zkhq vxsq H^W5‘ ? 4/ zh pljkw uhdvrqdeo| h{shfw wkdw H^W5‘@H^Wœ5‘.r+q￿￿,> exw vhh Vulqdydvdq +4<:3, iru
d fdxwlrqdu| wdoh lq wklv uhjdug1 Xqiruwxqdwho|/ lq rxu fdvh W grhv qrw qhfhvvdulo| kdyh xqlirupo| erxqghg prphqwv1
Lq wklv fdvh/ vrph dgglwlrqdo mxvwl?fdwlrq iru h{dplqlqj wkh prphqwv ri wkh wuxqfdwhg vwdwlvwlf pxvw eh jlyhq1 Zlwk
vrph dgglwlrqdo zrun dqg uhjxodulw| frqglwlrqv lw lv srvvleoh wr hvwdeolvk wkh vwurqjhu uhjxodulw| wkdw W dqg Wœ kdyh
wkh vdph glvwulexwlrq wr rughu q￿￿/ zklfk uhtxluhv vrph uhvwulfwlrqv rq wkh wdlov ri U> vhh wkh glvfxvvlrq lq Urwkhqehuj





















W￿ * æf n JE?
3￿*￿￿c
zkhuh K?￿ lv ghwhuplqlvwlf dqg vdwlv?hv K?￿ $ K￿ zlwk








Wkh ohdglqj vprrwklqj eldv whup K￿ fdq wdnh hlwkhu vljq/ vlqfh lw ghshqgv rq wkh fryduldqfh
ehwzhhq wkh vprrwklqj eldv txdqwlw| qEf￿ dqg wkh frqglwlrqdo h{shfwdwlrq rREf￿Ø Zkhq R lv d
vwdqgdug qrupdo f1g1i1/ R￿￿E%￿ ￿ f iru doo % dqg wkh eldv ixqfwlrq lv qhjdwlyh1 Wkh whup K2 fdq
dovr wdnh hlwkhu vljq ghshqglqj rq wkh vljq ri rRRE%￿1 Vxssrvh wkhuh lv d frqvwdqw wuhdwphqw h>hfw ￿
lqghshqghqw ri fcwkdw RE%￿’￿ *2 iru doo %c dqg wkdw s lv xqlirup zlwk udqjh rqh1 Wkhq K2 ’ ngn
2ß￿c
dqg wkh vljq ri K2 lv ghwhuplqhg e| wkh gluhfwlrq ri wkh wuhdwphqw h>hfw1 Wkh fruuhfwlrq whup lq wkh
yduldqfh lv fohduo| ri vpdoohu rughu wkdq wkh vtxduhg eldv qr pdwwhu zkdw edqgzlgwk lv fkrvhq1
Gh?qh wkh dv|pswrwlf phdq vtxduhg huuru ri wkh hvwlpdwru wr eh ^dsduw iurp d idfwru ri rughu
?3￿‘
ł￿7.Ee ￿￿’.EA

















dqg lw vx!fhv wr plqlpl}h wkh vl}h ri wkh whup lqvlgh wkh eudfnhwv1 Li wkh eldvhv kdyh rssrvlwh vljqv








dqg wklv vhfrqg rughu eldv zloo wkhq eh ri vpdoohu rughu1 Rwkhuzlvh/ wkh rswlpdo edqgzlgwk zloo
plqlpl}h wklv vhfrqg rughu eldv dqg wkhuh zloo eh dq lqwhulru vroxwlrq wr wkh rswlpl}dwlrq sureohp
wkdw fdq eh irxqg e| fdofxoxv1 Wr vxppdul}h/ zh kdyh
ßJR| ’
;
A A A A ?










?3￿*￿ li t￿}?EK2￿’t ￿ } ? E K￿￿Ø
:D ihdvleoh edqgzlgwk vhohfwlrq phwkrg fdq eh gh?qhg edvhg rq hvwlpdwhv ri wkh txdqwlwlhv K￿c￿’￿ c2/
hlwkhu qrqsdudphwulf hvwlpdwhv ru sdudphwulf hvwlpdwhv vxjjhvwhg iurp vrph vruw ri Vloyhupdq*v uxoh
ri wkxpe lghd16
Lq vrph vhplsdudphwulf hvwlpdwruv lw kdv ehhq vkrzq wkdw e| xvlqj ohdyh0rqh0rxw hvwlpdwruv dqg
rwkhu ghylfhv rqh fdq holplqdwh wkh ghjuhhv ri iuhhgrp eldv whupv ri rughu ?3￿*2ß3￿/v h hi r uh { d p s o h
Kdoo dqg Pduurq +4<;:, dqg Olqwrq +4<<8,1 Lqghhg/ zh kdyh xvhg d ohdyh0rqh0rxw hvwlpdwru khuh1
Xqiruwxqdwho|/ lw kdv qrw frpsohwho| holplqdwhg wkh ghjuhhv ri iuhhgrp eldv1 Lqvwhdg/ zh gh?qh dq
h{solflw eldv fruuhfwlrq phwkrg dqg vkrz wkdw lw grhv lqghhg cnqrfn* wklv whup rxw dqg wkhuhiruh
shuplwv d vpdoohu edqgzlgwk dqg d ehwwhu DPVH1 Vshfl?fdoo|/ zh gh?qh wkh eldv0fruuhfwhg hvwlpdwru
e ￿













+￿ ￿ E￿ ￿ |￿￿







zkhuh e 0￿ ’ |￿ ￿ e REf￿￿Ø Qrwh wkdw wkh zd| zh kdyh gh?qhg wkh eldv fruuhfwlrq fdq eh dssolhg wr dq|
olqhdu vprrwkhu zlwk zhljkwv ￿￿￿Ø Wklv eldv fruuhfwlrq lv vlplodu frqfhswxdoo| wr xvlqj ? ￿ ￿ lqvwhdg
ri ? lq hvwlpdwlqj d srsxodwlrq yduldqfh> vljql?fdqwo|/ lq wklv frqwh{w zh gr qrw qhhg wr hvwlpdwh
kljkhu ghulydwlyhv ri wkh xqnqrzq ixqfwlrqv/ dqg lw iroorzv wkdw wkh vdpsolqj surshuwlhv ri wklv eldv
hvwlpdwru vkrxog eh uhodwlyho| jrrg1
Wkh vwrfkdvwlf h{sdqvlrq iru e ￿
KS l vw k hv d p hd vw k d wi r ue ￿ h{fhsw iru wkh dgglwlrqdo eldv fruuhfwlqj
whup e KØ Rq frpsxwlqj wkh prphqwv ri wkh ohdglqj whupv ri wklv h{sdqvlrq krzhyhu zh ?qg wkdw wkh
eldv whup K2 kdv ehhq holplqdwhg> zh wkhuhiruh hqg xs zlwk d ehwwhu wudgh0r> lq wkh phdq vtxduhg
huuru ri wklv hvwlpdwru1 Wkh odujhvw whupv duh d vtxduhg eldv ri rughu ße? dqg d yduldqfh ri rughu
?3￿ß3￿Ø Wklv wudgh0r> ohdgv wr dq rswlpdo edqgzlgwk ß 2 ?32*D d q gp h d qv t x d u h gh u u r ur i?3￿*DØ
Ohw







Ohw qrz A ’
s
?Ee ￿KS ￿ ￿f￿ dqg rewdlq wkh vwrfkdvwlf h{sdqvlrq A ’ A W n - dv lq +9,1


































































￿cæ ￿ duh erwk qrq0qhjdwlyh1 Wklv edqgzlgwk lv vpdoohu lq pdjqlwxgh wkdq lv rswlpdo iru wkh
udz hvwlpdwru e ￿Ø D ihdvleoh edqgzlgwk vhohfwlrq phwkrg fdq eh gh?qhg edvhg rq hvwlpdwhv ri wkh
txdqwlwlhv K￿cæ ￿/ hlwkhu qrqsdudphwulf hvwlpdwhv ru sdudphwulf hvwlpdwhv vxjjhvwhg iurp vrph vruw
r iV l o y h u p d q * vu x o hr iw k x p el g h d 1
Mrqhv dqg Vkhdwkhu +4<<4, lqyhvwljdwhg djdlq wkh vlwxdwlrq ri Kdoo dqg Pduurq +4<;:,/ qdpho|
wkdw ri hvwlpdwlqj lqwhjudwhg vtxduhg ghqvlw| ghulydwlyhv1 Wkh| dujxhg djdlqvw grlqj wkh ghjuhhv ri
iuhhgrp eldv fruuhfwlrq lq wklv fdvh1 Wkhlu uhdvrqlqj zdv wkdw wkh ohdglqj vprrwklqj eldv whup zdv
dozd|v qhjdwlyh dqg wkh ghjuhhv ri iuhhgrp eldv whup zdv dozd|v srvlwlyh/ vr wkdw e| d mxglflrxv
fkrlfh ri edqgzlgwk rqh frxog nqrfn erwk wkhvh whupv rxw vlpxowdqhrxvo|1 Lq wkh odqjxdjh ri rxu
sureohp zh zrxog hqg xs zlwk ^dvvxplqj wkdw ß ￿ ?3￿*￿o
ł￿7.Ee ￿









vd|/ zkhuh K￿￿ lv d kljkhu rughu vprrwklqj eldv whup ^dvvxplqj wkdw wkh xqghuo|lqj ixqfwlrqv duh
vprrwk hqrxjk‘1 Lq wklv fdvh/ wkh fruuhfwlrq whup lv ri rughu ?32*￿c zklfk lv hyhq vpdoohu wkdq wkh
rughu ?3￿*D rewdlqhg zlwk rxu ghjuhhv ri iuhhgrp eldv fruuhfwlrq1 Wkh fdwfk lv wkdw lq rxu pruh
frpsolfdwhg prgho/ wkh vljqv ri wkh wzr eldv whupv duh qrw qhfhvvdulo| rssrvlwh dqg vr wkh Mrqhv
7Zh duh kdss| wr uhsruw wkdw wklv ?qglqj lv sduwo| lq djuhhphqw zlwk Urwkhqehuj +4<;7d/ s<3<, zkr vd|v=
3Wklv vxjjhvwv wkdw fruuhfwlrq iru eldv pd| eh pruh lpsruwdqw wkdq vhfrqg rughu h!flhqf| frqvlghudwlrq
zkhq fkrrvlqj dprqj hvwlpdwruv14
Lq rxu fdvh/ fruuhfwlrq iru eldv lpsuryhv phdq vtxduhg huuru1
<dqg Vkhdwkhu phwkrg lv qrw jxdudqwhhg wr zrun1 Lq dq| fdvh/ wkh Mrqhv dqg Vkhdwkhu phwkrg
uhtxluhv hvwlpdwlrq ri kljkhu rughu ghulydwlyhv ri wkh uhjuhvvlrq ixqfwlrq dqg lv djdlqvw wkh vslulw ri
rxu dssurdfk1
Zh kdyh mxvw suhvhqwhg uhvxowv frqfhuqlqj wkh prphqwv ri wkh hvwlpdwruv/ exw wklv fdq dovr eh





















KS￿￿f￿ lv pruh frpsolfdwhg ehfdxvh li zh uhtxluh dq huuru udwh frqvlvwhqw
zlwk rxu phdq vtxduhg huuru ^l1h1/ ri rughu ?3￿*Do wkhq zh zloo kdyh wr lqfoxgh wkh vnhzqhvv whupv ri
rughu ?3￿*2(8 lq wklv fdvh wkh dssur{lpdwh glvwulexwlrq lv qrw qrupdo lq jhqhudo exw fdq eh h{suhvvhg
lq whupv ri wkh Hgjhzruwk vljqhg phdvxuhv dqg wkh ?uvw wkuhh fxpxodqw dssur{lpdwlrqv1 Vhh Olqwrq
+4<<:, iru d frpsxwdwlrq ri wklv w|sh1
Ilqdoo|/ zh uhpdun wkdw wkh vwdqgdug huuruv dovr ghshqg rq e RE￿￿ dqg wkhuh duh vlplodu frqfhuqv
derxw wkh vpdoo vdpsoh surshuwlhv ri wkhvh txdqwlwlhv1 Wkhvh vwdqgdug huuruv dovr vx>hu iurp d
ghjuhhv ri iuhhgrp eldv sureohp/ zklfk fdq eh fruuhfwhg lq wkh vdph zd| dv zh kdyh grqh iru wkh
hvwlpdwru ri ￿Ø
7 Vrph Qxphulfdo Uhvxowv
Iru frpsdulvrq zh suhvhqw wkh rswlpdo udwhv dvvrfldwhg zlwk d ydulhw| ri vhplsdudphwulf prghov wkdw
kdyh ehhq vwxglhg ehiruh1 Wkhvh duh doo iru wkh xqlyduldwh fdvh zlwk vhfrqg rughu nhuqhov ru vlplodu
phwkrg1
WDEOH 4
Udwhv ri Frqyhujhqfh iru Edqgzlgwk dqg Phdq Vtxduhg Huuru Fruuhfwlrq
8L qi d f w /l qe r w kf d v h v
H^iWœ ￿ H+Wœ,j6‘ * R+q￿4@5,>
zklfk lv wkh vdph pdjqlwxgh dv lq sdudphwulf prghov1
43Prgho Rswlpdo Edqgzlgwk Rswlpdo PVH Fruuhfwlrq
41 Dyhudjh Ghulydwlyh ?32*. ?3￿*.
51 Yduldqfh Hvwlpdwlrq ?3￿*D ?3￿*D
61 Sduwldoo| Olqhdu Prgho ?32*b ?3.*b
71 Khwhurvnhgdvwlf Olqhdu Uhjuhvvlrq ?3￿*D ?3e*D
81 Yduldqfh d Ixqfwlrq ri Phdq ?32*￿￿ ?3D*￿￿
91 V|pphwulf Orfdwlrq ?3￿*. ?3e*.
:1 KLU ?3￿*￿ ?3￿*￿
;1 KLU zlwk Eldv Fruuhfwlrq ?32*D ?3￿*D
Qrwhv1 Prghov 509 duh jlyhq lq Olqwrq +4<<4/ Fkdswhu 6,1 Wkh uhvxow iru Prgho 4 lv wdnhq iurp K￿ugoh/ Kduw/ Pduurq/ ) Wv|ednry +4<<5,1
Wkh rswlpdo edqgzlgwk iru qrqsdudphwulf uhjuhvvlrq lv ri rughu ?3￿*D dqg kdv d frqvhtxhqw PVH
ri rughu ?3e*DØ Wdeoh 4 vkrzv wkdw wkhuh lv txlwh d ydulhw| ri pdjqlwxghv iru wkh rswlpdo edqgzlgwk
lq vhplsdudphwulf hvwlpdwlrq sureohpv> vrphwlphv wkh rswlpdo edqgzlgwk lv eljjhu exw xvxdoo| lw lv
vpdoohu wkdq wkh rswlpdo udwhv iru qrqsdudphwulf hvwlpdwlrq1 Wkhvh gl>huhqw udwhv uh hfw gl>huhqw
pdjqlwxghv iru eldv dqg yduldqfh lq wkhvh vhplsdudphwulf ixqfwlrqdov1
Zh lqyhvwljdwh wkh pdjqlwxghv ri wkh vhfrqg rughu h>hfwv lq Wkhruhpv 4 dqg 5 dqg wkh rswlpdo







+￿ ’ +f n ￿
| ’￿ E q%n B:f￿c
zkhuh #cB ￿ øEfc￿￿ dqg duh pxwxdoo| lqghshqghqw1 Zh ydu| wkh sdudphwhuv ￿ dqg q zlwk ￿ 5
i￿2c￿￿cfc￿c2j dqg q 5i ￿c2c￿jØ9
Qrwh wkdw æf fkdqjhv vxevwdqwldoo| zlwk q dqg ohvv zlwk ￿Ø Iru h{dpsoh/ zkhq Eqc￿￿’E ￿ c￿2￿c
æf ’e Ø2Hc zkloh zkhq Eqc￿￿’E ￿ cn2￿cæ f ’e Ø￿￿Ø Krzhyhu/ zkhq Eqc￿￿’E ￿ c￿2￿cæ f ’2 b ØD. dqg
zkhq Eqc￿￿’E ￿ cn2￿cæ f ’e 2 ØHSØ E| frqwudvw/ K￿ dqg K2 duh txlwh vpdoo lq devroxwh whupv1 Iru
9Wkh uhjuhvvlrq U5 ri æ{. ￿ rq { lv U5 @5 æ
5@+5æ
5 .6 ,dqg ri |m rq { lv jlyhq e| wkh vdph irupxod zlwk æ @4 >
l1h1/ U5 @3 =7=
44Eqc￿￿’E ￿ c2￿c EK￿cK 2￿’E f Øf￿￿cfØeHe￿c zkloh iru Eqc￿￿’E ￿ c￿2￿c EK￿cK 2￿’E ￿ 2 ØHHc￿￿ØDb￿Ø Lq prvw
fdvhv K￿ dqg K2 kdyh rssrvlwh vljqv1 Wkh frqvwdqw æ￿ lv yhu| odujh zkhq q ’￿ Ø Zkhq Eqc￿￿’E ￿ cf￿c
æ￿ ’f ØDc zkloh zkhq Eqc￿￿’E ￿ c￿2￿cæ ￿ ’ ￿￿fØ￿SØ
Zh uhsruw wkh uhodwlyh urrw phdq vtxduhg huuru djdlqvw edqgzlgwk ^--￿7. ’
t
ł￿7.*æfo lq
wkh ?jxuhv ehorz iru d vdpsoh vl}h ri ? ’ ￿ffc?’ ￿fffc dqg ? ’￿ f cfff1 Wkh vrolg olqh lv iru wkh
u d zh v w l p d w r ud q gw k hg d v k h go l q hl vi r uw k he l d vf r u u h f w h gh v w l p d w r u 1
---Iljxuhv 406 khuh---
Wkh h>hfwv ri edqgzlgwk rq shuirupdqfh duh txlwh fohdu iurp wkhvh slfwxuhv1 Dv glvfxvvhg hduolhu
wkhuh lv d edqgzlgwk iru zklfk wkh UUPVH ri e ￿ lv h{dfwo| htxdo wr rqh/ exw wklv qhyhu kdsshqv iru
e ￿
KSØ Wklv jlyhv wkh plvohdglqj lpsuhvvlrq wkdw wkh xq0fruuhfwhg hvwlpdwru lv ehwwhu1 Lq uhdolw|/ zh
vkrxog vxshulpsrvh dgglwlrqdo whupv rq wkh UUPVH h{sdqvlrq ri e ￿ lq rughu wr dfklhyh wkh vdph
dffxudf| dv lq wkh h{sdqvlrq iru e ￿
KSØ Edvlfdoo|/ zh vkrxog qrw wdnh wkh frqvwdqwv wrr vhulrxvo|1 Lw lv
fohdu iurp wkh slfwxuhv wkdw e ￿
KS kdv ehwwhu UUPVH zkhq ß lv vpdoo/ exw wkdw wkh hvwlpdwruv kdyh
vlplodu UUPVH zkhq ß lv odujh1
Qrwh wkdw wkh Vloyhupdq*v uxoh ri wkxpe edqgzlgwk ^iru Jdxvvldq nhuqhov‘ ßoJ| ’￿ ØfSj?3￿*D lv
iru ? ’￿ f f cß oJ| ’f Ø￿Dc?’ 2ffcß oJ| ’f Ø￿fc?’ Dffcß oJ| ’f Ø2Dc?’ ￿fffcß oJ| ’f Ø22c dqg
? ’￿ f cfffcß oJ| ’f Ø￿eØ Dqrwkhu frpprq edqgzlgwk fkrlfh lv mxvw fØ2 ß o@?}ec z k l f kl qw k l vf d v h
zrxog uhvxow lq ß ’f Ø2Ø Iru wkh vpdoo vdpsoh vl}h wkhvh edqgzlgwkv uduho| gr guhdgixoo|/ exw vxfk
odujh edqgzlgwkv fdq kdyh glvdvwurxv h>hfwv lq wkh odujhu vdpsohv1
8 Frqfoxvlrqv
Rxu dv|pswrwlf h{sdqvlrqv uhyhdohg vrph idfwv derxw wkh KLU hvwlpdwru1 Wkh pdlq wklqj lv wkdw
l w vs u r s h u w l h vd u hg r p l q d w h ge |e l d v =r q he l d vw h u pl vu h o d w h gw rw k hf x u y d w x u hr iw k hi x q f w l r qR dqg
wkh fryduldwh ghqvlw| s ^ v p r r w k l q je l d v ‘ /d q gw k hv h f r q ge l d vw h u pl vz k d wz hk d y hf d o o h gdg h j u h h v
ri iuhhgrp eldv1 Wkh pdjqlwxgh ri wkh eldv whupv fdq eh txlwh odujh dqg wkhlu vljqv duh xqnqrzq
lq jhqhudo1 Zh sursrvhg d vlpsoh eldv fruuhfwlrq wkdw holplqdwhv wkh ghjuhhv ri iuhhgrp eldv whup/
wkhuhe| shuplwwlqj d vpdoohu edqgzlgwk dqg frqvhtxhqwo| d ehwwhu phdq vtxduhg huuru fruuhfwlrq1
9 Dsshqgl{
Vx!flhqw frqglwlrqv iru rxu uhvxowv fdq eh irxqg lq qxphurxv sodfhv iru d ydulhw| ri hvwlpdwruv e R dqg
ixqfwlrqv [ØVhh iru h{dpsoh Dqguhzv +4<<7,/ Qhzh| ) PfIdgghq +4<<7,/ Elfnho/ Noddvvhq/ Ulwry/
) Zhooqhu +4<<6, hwf1 Olqwrq +4<<9e, ghyhorsv kljkhu rughu dv|pswrwlf h{sdqvlrqv iru d jhqhudo
45fodvv ri vhplsdudphwulf hvwlpdwruv1 Zh zloo uhtxluh vprrwkqhvv frqglwlrqv rq RcsØ Zh uhtxluh wkdw
erwk R dqg s eh erxqghg dzd| iurp }hur rq wkh frpsdfw vxssruw ri fØ Zh dovr qhhg vrph prphqw
frqglwlrqv rq +￿￿Ø Wkh frqglwlrqv vkrxog lpso| dw ohdvw wkdw
t￿T
%M￿
me RE%￿ ￿ RE%￿m ’ JRE?
3￿*e￿c +43,























zkhq ß ￿ ?32*D( lq hlwkhu fdvh
wklv pdjqlwxgh lv JRE?3￿*e￿ dv uhtxluhg1
Surri ri Wkhruhp 41E |dj h r p h w u l fv h u l h vh { s d q v l r q
s






































[RRRRE~￿(￿fcREf￿￿￿Ee REf￿￿ ￿ REf￿￿￿
e n JRE?
3￿*e￿Ø
Ehfdxvh wkh ghulydwlyhv ri [ zlwk uhvshfw wr R duh grplqdwhg e| d ixqfwlrq zlwk ?qlwh prphqw/
ehfdxvh R lv erxqghg dzd| iurp }hur1
Zkhq ß ￿ ?3￿*￿c zh fdq ixuwkhu gurs wkh fxelf dqg txduwlf whupv wr rewdlq
s







































1￿ ’[ RRE~￿(￿fcREf￿￿￿ ￿ .d[RRE~￿(￿fcREf￿￿￿mf￿oc









+￿ ￿ E￿ ￿ |￿￿
d￿ ￿ REf￿￿o￿Ø
46Zh xvh wkh ghfrpsrvlwlrq




zkhuh ￿￿￿ duh wkh vprrwklqj zhljkwv wkdw mxvw ghshqg rq wkh fryduldwhv f￿cØØØcf ?c zkloh
q?Ef￿￿’.de REf￿￿mf￿cØØØcf ?o ￿ REf￿￿
lv wkh frqglwlrqdo vprrwklqj eldv wkdw dovr mxvw ghshqgv rq wkh fryduldwhv f￿cØØØcf ?Ø Zh nqrz wkdw







































￿’￿ [E~￿(￿fcREf￿￿￿c wkh vhfrqg whup lv phdq }hur dqg kdv yduldqfh ri wkh vdph pdjqlwxgh dv
.d
S
￿ı’￿ ￿￿￿rREf￿￿ ￿ rREf￿￿o2c wklv zh h{shfw wr eh ￿Eße￿Ø Wkh uhdvrq lv wkdw ￿￿￿ duh dssur{lpdwho|
v|pphwulf ^vhh Olqwrq +5334,‘ dqg vr
S
￿ı’￿ ￿￿￿rREf￿￿ ￿ rREf￿￿ lv udwkhu olnh
S
￿ı’￿ ￿￿￿rREf￿￿ ￿ rREf￿￿
lq whupv ri lwv pdjqlwxgh/ dqg wklv odwwhu txdqwlw| lv mxvw wkh eldv ixqfwlrq iurp vprrwklqj rREf￿￿
djdlqvw f￿Ø Uhsodflqj wkh orfdo olqhdu zhljkwv e| dq dssur{lpdwlrq/ zh kdyh
[
￿ı’￿























Wkh wklug whup lq +44, lv d eldv whup zlwk pdjqlwxgh ß2s
? dqg yduldqfh dovr ßeØ






















zkhuh wkh ?uvw whup lv d vhfrqg rughu ghjhqhudwh X0vwdwlvwlf wkdw kdv phdq }hur dqg yduldqfh ri rughu
?3￿ß3￿( lw lv dovr xqfruuhodwhg zlwk wkh ohdglqj whup1 Wkh vhfrqg whup lv phdq }hur dqg ￿REß2￿Ø






























































Wkh ?uvw whup lv qrw phdq }hur dqg lv ri rughu ?3￿*2ß3￿ lq suredelolw| dqg lv wkh grplqdqw whup>
w k hv h f r q gw h u pl vp h d q} h u rd q gr ir u g h u?3￿ß3￿ lq suredelolw|1 Wkh wklug whup lv phdq }hur dqg





































Vhh Olqwrq +4<<8, iru d vlplodu fdofxodwlrq1












Vshfl?fdoo|/ zh fdq vxssrvh zlwkrxw orvv ri jhqhudolw| wkdw 1￿ lv lqghshqghqw ri l￿ dqg vr wklv whup







￿￿ ￿ .dEe REf￿￿ ￿ REf￿￿￿
eoc
zklfk kdv wkh rughu dv vwdwhg1
Ohw















48Lq frqfoxvlrq zh kdyh
s





















































































Fohduo|/ .d)?E~￿c~ ￿￿m~￿o’.d)?E~￿c~ ￿￿m~￿o’f Ø Wkh ?uvw wkuhh olqhv frqwdlqv phdq }hur dqg lqghhg
dv|pswrwlfdoo| qrupdo whupv/ zkloh wkh irxuwk dqg ?iwk olqhv frqwdlq qrq0phdq }hur eldvhv1

























zkrvh h{shfwdwlrq .Eh K￿ lv dssur{lpdwho| htxdo wr K2*?ß1W k h ql wf d qe hv k r z qw k d w























Dqguhzv/ G1Z1N1/ +4<<7,1 Dv|pswrwlfv iru vhplsdudphwulf hfrqrphwulf prghov yld vwrfkdvwlf
htxlfrqwlqxlw|1 Hfrqrphwulfd 95/ 760:51
Elfnho/ S1 M1/ Noddvvhq/ F1 D1 M1/ Ulwry/ \1 dqg M1 D1 Zhooqhu +4<<6,1 H!flhqw dqg dgdswlyh
hvwlpdwlrq iru vhplsdudphwulf prghov1 Wkh Mrkq Krsnlqv Xqlyhuvlw| Suhvv/ Edowlpruh dqg
Orqgrq1
49Fduuroo/ U1M1/ dqg Z1 K￿ugoh/ +4<;<,1 Vhfrqg Rughu H>hfwv lq Vhplsdudphwulf Zhljkwhg Ohdvw
Vtxduhv Uhjuhvvlrq1 Vwdwlvwlfv/ 5/ 4:<04;91
Frfkudq/ Z1J1 +4<9;,1 Wkh h>hfwlyhqhvv ri dgmxvwphqw e| vxefodvvl?fdwlrq lq uhprylqj eldv lq
revhuydwlrqdo vwxglhv1 Elrphwulfv/ 57/ 5<886461
Idq/ M1/ dqg L1 Jlmehov +4<<9,= Orfdo Sro|qrpldo Prghoolqj dqg Lwv Dssolfdwlrqv Fkdspdq dqg Kdoo1
Kdoo/ S1/ dqg M1V1 Pduurq +4<;:,1 Hvwlpdwlrq ri Lqwhjudwhg Vtxduhg Ghqvlw| Ghulydwlyhv1 Vwdwlvwlfv
dqg Suredelolw| Ohwwhuv 9/ 43<04481
K￿ugoh/ Z1/ M1 Kduw/ M1 V1 Pduurq/ dqg D1 E1 Wv|ednry +4<<5,1 Edqgzlgwk Fkrlfh iru Dyhudjh
Ghulydwlyh Hvwlpdwlrq1 Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ ;:/ 54;05591
K￿ugoh/ Z1/ dqg D1 E1 Wv|ednry +4<<6,1 Krz vhqvlwlyh duh Dyhudjh Ghulydwlyhv1 Mrxuqdo ri Hfrqr0
phwulfv/ 8;/ 6407;1
Khfnpdq/ M1/ K1 Lfklpxud/ M1 Vplwk dqg S1 Wrgg +4<<;,1 Fkdudfwhul}dwlrq ri Vhohfwlrq Eldv Xvlqj
H{shulphqwdo Gdwd1 Hfrqrphwulfd/ 99/ 434:843<;1
Khfnpdq/ M1/ K1 Lfklpxud/ dqg S1 Wrgg +4<<;,1 Pdwfklqj dv dq Hfrqrphwulf Hvwlpdwru1 Uhylhz ri
Hfrqrplf Vwxglhv/ 98/ 59485<71
Kludqr/ N1/ J1 Lpehqv/ J1 Ulgghu/ +5333,1 H!flhqw Hvwlpdwlrq ri Dyhudjh Wuhdwphqw H>hfwv xvlqj
wkh Hvwlpdwhg Surshqvlw| Vfruh1 QEHU Whfkqlfdo Zrunlqj Sdshu 5841
Kvlhk/ G1D1/ dqg F1I1 Pdqvnl +4<;:,1 Prqwh Fduor Hylghqfh rq Dgdswlyh Pd{lpxp Olnholkrrg
Hvwlpdwlrq ri d Uhjuhvvlrq1 Dqqdov ri Vwdwlvwlfv/ 48/ 87408841
Mrqhv/ P1F1/ dqg V1M1 Vkhdwkhu +4<<4,1 Xvlqj qrq0Vwrfkdvwlf whupv wr Dgydqwdjh lq Nhuqho0edvhg
Hvwlpdwlrq ri Lqwhjudwhg Vtxduhg Ghqvlw| Ghulydwlyhv1 Vwdwlvwlfv dqg Suredelolw| Ohwwhuv 44/
84408471
Olqwrq/ R1E1 +4<<4,1 Hgjhzruwk Dssur{lpdwlrq lq Vhplsdudphwulf Uhjuhvvlrq Prghov1 SkG Wkhvlv/
Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Fdoliruqld dw Ehunhoh|1
Olqwrq/ R1E1 +4<<8,1 Vhfrqg Rughu Dssur{lpdwlrq lq wkh Sduwldoo| Olqhdu Uhjuhvvlrq Prgho1 Hfrqr0
phwulfd 96/ 43:<044451
Olqwrq/ R1E1 +4<<9d,1 Vhfrqg rughu dssur{lpdwlrq lq d olqhdu uhjuhvvlrq zlwk khwhurvnhgdvwlflw| ri
xqnqrzq irup1 Hfrqrphwulf Uhylhzv 48/ 40651
4:Olqwrq/ R1E1 +4<<9e,1 Hgjhzruwk Dssur{lpdwlrq iru PLQSLQ Hvwlpdwruv lq Vhplsdudphwulf Uh0
juhvvlrq Prghov1 Hfrqrphwulf Wkhru| 45/ 630931
Olqwrq/ R1E1 +4<<:,1 Vhfrqg0Rughu dssur{lpdwlrq iru vhplsdudphwulf lqvwuxphqwdo yduldeoh hvwlpd0
wruv dqg whvw vwdwlvwlfv1 Frzohv Irxqgdwlrq Glvfxvvlrq Sdshu qr 44841 Iruwkfrplqj lq Mrxuqdo
ri Hfrqrphwulfv1
Olqwrq/ R1E1 +5334,1 V|pphwul}lqj dqg xqlwl}lqj wudqvirupdwlrqv iru olqhdu vprrwklqj zhljkwv1
Frpsxwdwlrqdo Vwdwlvwlfv 49/ 48604971
Pdvu|/ H1 +4<<9d,1 Pxowlyduldwh orfdo sro|qrpldo uhjuhvvlrq iru wlph vhulhv= Xqlirup vwurqj frqvlv0
whqf| dqg udwhv1 Mrxuqdo ri Wlph Vhulhv Dqdo|vlv 4:/ 8:408<<1
Pdvu|/ H1 +4<<9e,1 Pxowlyduldwh uhjuhvvlrq hvwlpdwlrq Orfdo sro|qrpldo ?wwlqj iru wlph vhulhv1
Vwrfkdvwlf Surfhvvhv dqg wkhlu Dssolfdwlrqv 98/ ;404341
Qdjdu/ D1O1 +4<8<,1 Wkh eldv dqg prphqw pdwul{ ri wkh jhqhudo &0fodvv hvwlpdwru ri wkh sdudphwhuv
lq vlpxowdqhrxv htxdwlrqv1 Hfrqrphwulfd 5:/ 8:808<81
Qhzh|/ Z1N1 dqg G1I1 PfIdgghq +4<<7,1 Odujh vdpsoh hvwlpdwlrq dqg k|srwkhvlv whvwlqj1 lq
Kdqgerrn ri Hfrqrphwulfv/ yro1 LY/ hgv1 G1I1 PfIdgghq dqg U1I1 Hqjoh LLL1 Qruwk Kroodqg1
Qlvkl|dpd/ \1/ dqg Urelqvrq/ S1 P1 +5333,1 Hgjhzruwk h{sdqvlrqv iru vhplsdudphwulf dyhudjhg
ghulydwlyhv1 Hfrqrphwulfd 9;/ <640<;31
Srzhoo/ M1O1/ dqg W1P1 Vwrnhu +4<<9,1 Rswlpdo edqgzlgwk fkrlfh iru ghqvlw|0zhljkwhg dyhudjhv1
Mrxuqdo ri Hfrqrphwulfv :8/ 5<406491
Urelqvrq/ S1 P1 +4<<8,1 Wkh qrupdo dssur{lpdwlrq iru vhplsdudphwulf dyhudjhg ghulydwlyhv1 Hfrqr0
phwulfd 96/ 99:09;31
Urvhqedxp/ S1 dqg Uxelq/ G1E1 +4<;6,1 Wkh fhqwudo uroh ri wkh surshqvlw| vfruh lq revhuydwlrqdo
vwxglhv iru fdxvdo h>hfwv1 Elrphwulnd/ :3/ ss1 740881
Urwkhqehuj/ W1/ +4<;7d,1 Dssur{lpdwlqj wkh Glvwulexwlrqv ri Hfrqrphwulf Hvwlpdwruv dqg Whvw
Vwdwlvwlfv1 Fk147 lq= Kdqgerrn ri Hfrqrphwulfv/ yro 5/ hg1 ]1 Julolfkhv dqg P1Lqwuloljdwru1
Qruwk Kroodqg1
Urwkhqehuj/ W1/ +4<;7e,1 Dssur{lpdwh Qrupdolw| ri Jhqhudol}hg Ohdvw Vtxduhv Hvwlpdwhv1 Hfrqr0
phwulfd/ 85/ ;440;581
4;Urwkhqehuj/ W1/ +4<;7f,1 K|srwkhvlv Whvwlqj lq Olqhdu Prghov zkhq wkh Huuru Fryduldqfh Pdwul{
lv Qrqvfdodu1 Hfrqrphwulfd/ 85/ ;5:0;751
Urwkhqehuj/ W1/ +4<;;,1 Dssur{lpdwh Srzhu Ixqfwlrqv iru vrph Urexvw Whvwv ri Uhjuhvvlrq Frhi0
?flhqwv1 Hfrqrphwulfd/ 89/ <<:0434<1
Vulqdydvdq/ W1Q1 +4<:3,1 Dssur{lpdwlrqv wr Ilqlwh Vdpsoh Prphqwv ri Hvwlpdwruv zkrvh H{dfw
Vdpsolqj Glvwulexwlrqv duh xqnqrzq1 Hfrqrphwulfd/ 6;/ 86608741
[ldr/ ]1 dqg R1E1 Olqwrq +5334,1 Vhfrqg rughu dssur{lpdwlrq iru dq dgdswlyh hvwlpdwru lq d olqhdu
uhjuhvvlrq1 Hfrqrphwulf Wkhru| 4:/ <;7043571
[ldr/ ]1 dqg S1F1E1 Skloolsv +4<<9,1 Kljkhu rughu dssur{lpdwlrq iru d iuhtxhqf| grpdlq uhjuhvvlrq
hvwlpdwru1 Mrxuqdo ri Hfrqrphwulfv/ ;9/ 5<:06691
4<Iljxuh 4= Iljxuh 41 q@433
53Iljxuh 5= Iljxuh 51 q@4333
54Iljxuh 6= Iljxuh 61 q@43/333
55